The question of the nature of antihormones and of the mechanism of the hormone-antihormone reaction has been a point of controversy for many years. The impetus for the numerous investigations carried on in recent years was provided by Collip who postulated the antihormone theory as a result of his experiments in 1934 and 1935. 4 Prior to this time, many workers were fully aware of the fact that some degree of refractoriness is developed with constant and prolo(nged administration of various hormones. Collip, however, in htis search for an explanation of this peculiar resistance, found that the sera of animals which did not respond to injections of gonadotrophic hormone protected immature, female rats against the normal action of the hormone. Collip and Anderson5 also demonstrated a simlilar result with the thyrotrophic hormone and, as a result of further investigation, found that other pituitary fractions were capable of stimulating the production of self-inhibitory substances.
On the basis of their experimental evidence and as a guide to further work, Collip and his colleagues suggested a buffer system of hormones and antihormones which, under normal conditions, is maintained in a state of physiological equilibrium. "For each hormone there may be an opposite or antagonistic principle. This antagonist is present in the normal subject but may not be detected until it exceeds in amount the normal system with which it is buffered."
Th.ompson14 agrees with Collip in the use of the term "antihormone," but interprets the word in an entirely different manner. Collip, 8 in his use of the term, defines it as synonymous with the "chalone" of Sharpey-Schafer, whereas Thompson considers it to be consistent with immunological terminology. Since an antibody produced in response to the antigen, toxin, antihormone is an antibody produced in response to the antigen, hormone.
Recently, the hormone-antihormone reaction has been considered similar to, if not identical with, an immune reaction. From the immunological point of view, a study of the mechanism of the hormone-antihormtone reaction presents an interesting problem. Since relatively few of the hormones have been isolated in pure form, and since those that have been crystallized are not yet available in large quantities for experimental purposes, technics of immunization and of conducting serological studies must be varied in such a way as to assure the investigator that the reaction is specific for the hormone and not due to impurities in the antigen preparations. Heretofore, the majority of workers investigating this problem have been, primarily, physiologists. Consequently, "trick" technics of immunization and of conducting serological studies were little used by them.
Singer"3 studied the hormonal antigens of the anterior pituitary gland, utilizing the method of simple ammonium sulfate precipitation for the isolation of the various fractions. He was able to show by means of the complement-fixation test supplemented by biological assay experiments (Rowlands and Parkes") that many protein fractions of the anterior pituitary have specific antigens closely related to their hormonal action. Both the hormone fractions and the antigenic portions are very sensitive to denaturing influences. "This is particularly well illustrated in the case of the growth hormone which does not produce specific antibodies if partially purified, and also with prolactin, where the antibodies directed against this fraction could be removed from the anti-prolactin serum with an analogous fraction from ox kidney, but not from the serum against crude extract."
Bischoff and Lyon' conducted a series of experiments in which the mammotrophic hormone was shown to have a degree of antigenicity. Serum from animals chronically treated with this hormone precipitated the hormone and gave slightly positive results in the complement-fixation test. Also, these investigators were able to demonstrate the antigenicity of the hormone by means of anaphylaxis experiments in young male guinea-pigs, and {by producing severe skin reactions at the end of the course of injections carried out for the production of antisera.
Van den Ende6 produced in rabbits antibodies to a highly purified extract of mare serum. This investigator was able to precipitate these antibodies, both qualitatively and quantitatively, with the antigen. However, in specific adsorption tests, it was found that the antibodies were directed against a glycoprotein closely associated with, but not an actual constituent of the hormone. When the precipitins were quantitatively adsorbed, the activity of the antihormone was not decreased. The present investigation was undertaken primarily for the purpose of conducting a complete immunological study of the gonadotrophic hormones, isolated from various sources. It was hoped that definite proof of the nature of antihormones and of the hormoneantihormone reaction could be dbtained. Whereas, in the case of other workers, immunological studies have been offered as supplementary material, they have been emphasized herein. However, all serological and immunochemical results have been confirmed by biological experiments. Advantage has been taken of recent advances in technics applicable to quantitative and electrochemical investigation, and these comprise a large portion of the experimental work.
Materials and methods Hormone.* Several preparations of gonadotrophic hormone were employed during the course of this investigation. These included 4 commercial products, 2 of which-Anteron (Schering) and Gonadin (Cutter)-were derived from pregnant mare serum. The third-Prephysin (Harvey) -was a purified preparation of horse anterior pituitary gland, containing predominantly the follicle-stimulating hormone together with small amounts of the luteinizing hormone, and also, a small amount of the thyrotrophic hormone. The fourth commercial preparation-Synapoidin (Parke Davis)-consisted of a highly purified follicle-stimulating hormone from the anterior lobe of the pituitary, and chorionic gonadotrophic hormone from pregnancy urine. The follicle-stimulating fraction was a mixture of hog and sheep anterior pituitary material.
Rabbits. Three-month-old white rabbits were used in the production of the antihormone. A cardiac puncture was performed on each animal before the period of immunization and at three-week intervals during the course of hormone administration. During the study of the persistence of antihormone in the blood stream, after the course of injections had been completed, bleed-* Grateful acknowledgment is made to the Cutter Laboratories for supplying the mare serum hormone, Gonadin; to the Schering Laboratories for Anteron; to the G. F. Harvey Co. for Prephysin; and to the Parke Davis Co. for Synapoidin.
ings from the marginal ear vein were taken eadh week until no detectable in vitro or in vivo antibodies were present in the serum. All sera were collected in as sterile a manner as possible and stored in 2 ml. quantities in the freezing unit until used.
Biological assay methods. Twenty-one-day-old female rats were used in the determination of the amount of hormone necessary to produce a standard ovarian weight. The body weight of each rat was recorded prior to the course of injection and before autopsy. A minimum of 4 rats was employed in each dilution group and in each control group.
Varying dilutions of the hormone under consideration were injected into the rats. All dilutions were made with physiological saline, and a constant amount of 0.1 ml. was injected subcutaneously. Control rats received 0.1 ml. of saline. Four injections were spaced over a period of 2 days.
A period of 100 hours was allowed to elapse after the final injection. At the end of this period the animals were killed with ether and the ovaries were removed and weighed immediately. The dilution of hormone resulting in an ovarian weight of approximately 40 mg. was taken as a standard. In all bio-assay experiments, a deviation of 5 mg. above or 5 mg. below the standard was accepted as normal.
In the bio-assay of the antihormone, the same procedure was followed as in the bio-assay of the hormone. Varying dilutions of the antihormone were made and injected suhbcutaneously in 0.5 ml. amounts into the left forelegs of the rats. The standard amount of hormone was injected subcutaneously into the right hindleg. Controls received saline and hormone alone. One hundred hours after the last injection, the animals were autopsied and the ovaries were removed and weighed. The weights of the test ovaries were compared with those of animals receiving saline and hormone.
In vitro experiments 1. The precipitin test.
Many attempts have been made to produce a positive, specific in vitro reaction, using gonadotrophic hormone as the antigen and the biologically active antihormon.e as the antibody. However, the literature records no actual proof of the presence or absence of precipitating antibodies.
Since the gonadotrophic hormone is thought to be a relatively small particle, it was suggested that alsorption of the glycoprotein (gonadotrophic hormone) on some inactive particulate matter might increase the surface of the antigen and thus produce floccules within the range of visibility. For this purpose, collodion particles were prepared after the method of Cannon and Marshall2 with a few modifications. The particles were adjusted to their optimal pH and a buffer at this pH was added.
Progressive dilutions of antiserum were added by the doubling dilution method (1:2 to 1:2560) to a series of serological test-tubes each of which contained 1 ml. of 0.85 per cent NaCl. Fifteen racks of duplicate dilutions were prepared. A suspension of sensitized collodion particles, diluted in saline solution to a turbidity corresponding to Tube 5 of the McFarland Nephelometric Scale, was added to the tuibes in each rack according to the following series:
Tube 1-0.1 ml.
Tube 9 -0.8 ml. Tube 2 -0.15 ml.
Tube 10 -0.9 ml. Tube 3-0.2 ml.
Tube 11-1.0 ml. Tube 4-0.3 ml.
Tube 12 -1.1 ml. Tube 5 -0.4 ml.
Tube 13 -1.3 ml. Tube 6-0.5 ml. Tube 14-1.4 ml. Tube 7-0.6 ml.
Tube 15 -1.5 ml. Tube 8 -0.7 ml.
When the tuabes containing the varying amounts of hormone and antisera were incubated in the water-bath at 370 C. for 1 hour and then examined, there was no visible flocculation in any of the tubes. Therefore, studies of optimal temperatures were made. Since it was impossible to find an optimal proportion until an optimal temperature had been determined, a complete set of tests was incubated in each temperature experiment.
The racks were placed in the ice-box overnight in a preliminary experiment. After an incubation period of 24 hours, there was no visible flocculation. However, when the tubes were centrifuged in an angle centrifuge at approximately 1200 r.p.m. for 5 minutes, and then "flipped" the particles resuspended smoothly in all but several tubes. Tubes with serum diluted 1:10, 1:20, and 1:40 and which contained 1.0 ml. of hormone-particle complex gave a precipitate which adhered to the bottom of the tube and did not resuspend very smoothly even after vigorous shaking.
In further studies of optimal temperatures for the precipitin test, racks were incubated in the water-bath at 370 C. for 1 hour and then were placed in the ice-box overnight. Aggregation was visible only after centrifugation, as was the case with the tests incubated for 24 hours in the ice-box.
It was suggested that a positive result might be obtained if the tubes were allowed to remain in the water-bath at 370 C. overnight. Therefore, racks of tubes with varying proportions of antigen and antiserum were placed in the water-bath overnight. After 24 hours, there was visible aggregation of particles in the racks containing 0.9 ml. of hormone-particle complex, and also in the racks of tubes containing 1.0 and 1.1 ml. of particles. By far the best aggregation was demonstrable in the tubes containing 1 ml. of hormone-particle complex, so this quantity was considered optimal. 2. Production of antibodies to the hormone, Gonadin. Since Gonadin is a purified gonadotrophic hormone isolated from pregnant mare serum, it was decided to titrate the anti-Gonadin produced in rabbits against normal horse serum. In that large quantities of hormone must be used to produce a rabbit antiserum which exhibits both biological effects and the ability to precipitate with hormone, one of the points of controversy in the argument concerning the mechanism of the hormone-antihormone reaction has been the specificity of the reaction. Therefore, if a positive flocculation was visible the antibodies to the horse serum could be specifically absorbed. However, this titration was negative at all times and specific absorption was unnecessary.
Other controls included: normal rabbit serum as a substitute for the antihormone; one tube containing no antigen; one tube containing no antiserum; and a control for the particles in which diluted particles alone were incubated with the test.
The sera of 3 animals which had received Gonadin intravenously every other day for 15 weeks were titrated against the hormone. The total quantity of Gonadin administered to each rabbit was 25 ml. The controls were negative at all times. The highest titer was demonstrable after the 12th week of injection. In all studies, a prozone phenomenon was demonstrable in the undiluted serum and in that diluted 1:10. Since many antigen-antibody sys;tems elicit this response the fact that the hormone-antihormone complex also demonstrated the phenomenon may be an, argument in favor of the antibody theory of antihormone formation.
An attempt was made to augment the production of antibody to gonadotrophic hormone by the administration of substances which are known to be well-defined antigens. For this purpose, a heatkilled suspension of E. typhi was used in one instance, and washed, human erythrocytes (Type A) in another. A total of 25 ml. of Gonadin was administered intravenously to 3 female rabbits over a period of 15 weeks. In conjunction with the hormone injections, 0.5 ml. of typhoid vaccine were administered at each time throughout the series. However, none of the rabbits in this group showed any flocculation when their sera were titrated against Gonadincollodion particle complex.
When Gonadin was injected subcutaneously and typhoid vaccine intravenously, the production of precipitins was completely inhibited as was the case with the hormone injected intravenously. The reason for this result is very obscure, although it is an interesting one and merits further study.
It was hoped that the administration of washed, human erythrocytes would enhance the production of precipitins to gonadotrophic hormone in such a way that a higher titer would be achieved or perhaps, that this titer would be attained more rapidly. Therefore, 1 ml. of a 5 per cent suspension of red blood cells was injected into the marginal ear vein of one ear and 1 ml. of Gonadin into the other. Injections were given every other day for 15 weeks. The maximal titer of precipitins obtained in this series was 1:640 as in the experiments in which Gonadin alone was given. However, this maximal titer was achieved in 9 weeks as compared with 12 weeks in the previous experiments. These data are recor-ded in table 1. In the case where the hormone alone was administered, the maximal titer was maintained over a period of 2 weeks following the last injection, after which there was a gradual decrease in titer until, at the end of the fifth week, no precipitins were demonstrable. However, when the enhancing antigen was given along with the hormone, the maximum titer was maintained at a constant level over a period of 5 weeks after which the titer dropped very slowly until, at the end of the tenth week, antibodies were no longer demonstrable in the serum.
According to the literature, there is a great deal of variation in the time the antibody level remains at the maximum after natural infection or after artificial immunization. However, the fact that the antibody titer to the gonadotrophic hormone maintains its maximum level for so short a period after the completion of the course of injections is not surprising, since endocrinological balance is a delicate mechanism. It may be that cellular forces are great enough to dispense with the presence of the unnatural antihormones in as rapid a manner as possible. On the other hand, an interesting phenomenon occurs when the red cells are injected with the doses of Synapoidin was administered intravenously every other day to 3 additional rabbits, and, along with the injections of hormone, washed, human erythrocytes were injected into the opposite ear vein. All 3 animals in the experimental group exhibited an antibody titer of 1 :320 and, in all cases, this titer was obtained after the eighth week of injection. Again, injection was continued until 15 weeks had elapsed after the first injection, but no further rise in antibody titer was detected. However, the maximum precipitating titer was obtained 5 weeks after the last injection, and there were no demonstrable antibodies even 9 weeks after the course of injections had been completed.
In one case, typhoid vaccine was administered in conjunction with Synapoidin. As was the case with Gonadin, no in vitro antibodies were demonstrable under any circumstances.
4. Production of antibodies to the hormone, Anteron. The hormone, Anteron, is comparable to Gonadin since it, too, has been isolated from pregnant mare serum.
Three female rabbits received intravenous injections of Anteron on alternate days over a period of 15 weeks. Titers of 1 :40 were demonstrable in all of the experimental animals 4 weeks after the course of injections was started. A maximum titer of 1:640 was obtained after the twelfth week of injection. The maximum titer was maintained over a period of 4 weeks after the last injection and titers were demonstrable in all 3 animals 9 weeks after the last injection was given.
Typhoid vaccine, when administered as an enhancing agent along with Anteron, resulted in an antiserum with no titer against the hormone, although after 12 weeks of injections an agglutinin titer of 1:12,000 for E. typhi was present in the serum.
When washed, human erythrocytes were used as the enhancing agent, the results were essentially identical with those obtained when the other commercial preparations were studied. 5 tinued until 15 weeks had elapsed after the first injection. The failure of response to the subsequent injections may have been due to the fact that a tolerance level was reached under which circumstance no further stimulus to the antibody-producing mechanism was provided. After the last injection of hormone, titers were followed at weekly intervals in order that the rate of drop might be studied. The maximum titer was maintained over a period of 5 weeks after which there was a gradual drop until, by the end of the tenth week, there were no antibodies to Prephysin present in the serum.
The results thus far presented indicate that it is possilble to demonstrate precipitating antibodies in the sera of rabbits which have been subjected to a series of injections with the gonadotrophic hormone. All commercial preparations used in this study elicited this response. However, neither a variation in the site of injection nor the administration of an enhancing agent, i.e., human erythrocytes, was able to increase the titer beyond the maximum obtained by repeated intravenous injection of hormone alone. It is interesting to note that with the enhancing antigen, the maximum titer was obtained more rapidly and remained constant over a longer period after completion of the course of injections.
6. Occurrence of the antigonadotrophic factor in normal rabbits. In an effort to confirm the statement of Collip that specific antagonistic substances may occur spontaneously in the blood of certain patients, the sera of 50 normal rabbits were tested. Uniformly, at least 50 ml. of blood were removed from each experimental animal used in the production of the hormonal antisera before the injections were started. The sera from these preliminary bleedings were used throughout all experimental studies (both in vitro and in vivo) as controls. In no instance was a positive reaction ever noted in either the precipitin test or in bio-assay experiments. On the basis of 50 experimental animals it was concluded that the antigonadotrophic factor is not present in detectable' quantities in the serum of normal rabbits.
7. Effect of repeated freezing and thawsing on the potency of antisera. The sera from 4 rabbits, each of which had been immunized by intravenous injections of 1 of the 4 commercial hormones, were used. In each case the sample of serum selected was one which had been previously shown to contain the maximum quantity of precipitating antibodies. Each tube of serum was allowed to thaw at room temperature. Usually this took about 15 minutes. From a 10 ml. quantity of each antiserum, 1 ml. was removed and titrated against its 'homologous antigen. The remainder of the serum was placed in the freezing unit. After a period of 24 hours, the same procedure was repeated. This was continued until no demonstrable antibodies were present in the serum.
Since it seemed necessary, if proper conclusions were to be derived from the data, to study the effect of freezing and thawing on antisera to well-defined antigens, the sera from animals immunized to both E. typhi and human red blood cells were studied for agglutinating antibodies; and sera from animals immunized to normal horse serum were studied for precipitating antibodies. It may be seen from table 2 that the antisera to erythrocytes, typhoid vaccine, and normal horse serum reacted in an identical manner with antihormonal sera when subjected to a series of repeated freezings and thawings. In each case, the titers remained constant after 2 freezings and thawings. However, a marked decrease in precipitating antibodies was noted after the third treatment and the potency continued to decrease with each successive freezing and thawing until, after the sixth, no demonstrable antibodies were present. 8 . A namnestic response to the gonadotrophic hormone. As has been stated previously, rabbits in each experimental group were studied for the rate of fall of antibodies to each of the gonadotrophic hormones employed. The sera were followed until no demonstrable antibodies were present. When the experiment had reached this stage, representative rabbits were selected from each group and 2 ml. of undiluted hormone were injected subcutaneously into each of 4 rabbits. Blood samples were taken daily for 10 days. It may be seen from table 3 that Gonadin, Prephysin, and Anteron elicited an anamnestic response while no reaction occurred after injection of Synapoidin. Because these hormones are only weak antigens initially and stimulate the formation of antibodies only after persistent injection, it is not surprising that 'the response to the secondary stimulus of the hormone was not more markedly defined. That Synapoidin elicited no anamnestic response may be due to the fact that it is a poorer antigen than the other hormones in the group. Also, the nitrogen content of an equivalent quantity of Synapoidin is less than that of the related hormones. Therefore, the amount of protein injected in the 2 ml. of Synapoidin was undoubtedly unable -to stimulate the release of antibody into the blood stream of the previously immunized rabbit.
In vivo experiments 1. Standardization of the commercial preparations. This experiment was carried out for the purpose of determining the quantity of hormone necessary to produce a standard ovarian weight of 40 mg. in the 21-day-old rat so that this constant quantity could be used in studying the biological effect of the antisera. Also, it was desirable to conduct this experiment in order to ascertain in terms of biological activity the quantity of hormone used in the production of the antihormone.
It was found that approximately the same quantities (0.04 ml.) of Gonadin and Anteron produced the standard weight in the rats. The hormone was diluted to 0.4 ml. with physiological saline and injections of 0.1 ml. were given twice daily over a period of 2 days.
With the pituitary hormones, Synapoidin and Prephysin, it was found that 0.05 ml. of the former and 0.06 ml. of the latter were necessary for the production of an ovarian weight of approximately 40 mg. in the 21-day-old rat.
2. Bio-assay of the antisera. In an effort to conserve the total number of rats employed in these experiments, the sera of 2 rabbits which showed a titer of 1 :640 at the end of the 15-week immunization period were used. In titrating the protective ability, the following dilutions of antisera were administered to each animal in a group of 4:
Group It may be seen that a dilution of 1:80 of the antiserum provided a good degree of protection against the normal action of the hormone. However, when a dilutilon of 1:160 was injected, there was no neutralization of the hormone. This experiment was repeated with the same hormone and the same sera and yielded essentially the same results.
In an attempt to correlate rise in precipitin titer with rise in biological activity, serum from a series of bleedings from 1 animal was studied. Three weeks after the first injection of Gonadin, the precipitin titer of the serum sample was negative. When undiluted serum along with the standard amount of hormone was injected into 4 21 -day-old rats, there was no neutralization of the hormone. An average ovarian weight of 41.6 mg. was found in the 4 animals in the test group while hormone-treated controls gave an average of 39.9 mg.
The antiserum next studied was obtained upon bleeding the experimental animal 6 weeks after the course of injections had begun. The precipitin titer of this serum was 1:160. A dilution of 1:40 protected the immature rat against the standard dose of hormone (ovarian weight-22.7 mg.).
The sample of serum taken at 9 weeks, at which point, the precipitin titer had reached its maximum, gave full protection up to and including a dilution of 1:80 but there was no protection at a dilution of 1:160.
T'he results with the 15-week sample of serum are recorded above in tabular form. Although the course of injections had been continued, there was no manifestation of any increase in precipitating antibodies or biologically active antihormone.
antihormone. In an attempt to prove that the portion of the serum responsiible for the in vitro test was the same as the biologically active portion, it wuas decided to test the effect of freezing and thawing upon the biological activity. The highest titer serum from an animal treated for 15 weeks with intravenous injections of Gonadin was selected.
Exactly the same procedure was followed as regards the freezing and thawing of the serum in the precipitin tests. After the second thawing, the potency was unchanged biologically, i.e., the serum was active in a dilution of 1:80. Upon the third freezing and thawing, the maximum titer dropped to 1 :40; after the fourth to 1 :10; after the fifth to 1 :2; and after the sixth freezing and thawing the serum showed no protective activity.
These results parallel those obtained in the in vitro experiments, and, therefore, offer further evidence in favor of the theory that antihormones are true antibodies. 4 . Bio-assay tests for evidence of neutralization in the precipitin test. In order to confirm the fact that the in vitro reaction between the gonadotrophic hormone and its specific antibody is not only a true antigen-antibody reaction, but that the precipitate formed is a hormone-antihormone complex, the precipitate produced in the flocculation tests and the supernates of these tests were studied for activity in immature female rats.
Fifteen precipitin tests with hormone-collodion particle-complex as the antigen and high titer antigonadotrophic serum produced by intravenous injection of Gonadin into female rabbits every other day for 15 weeks were set up. Since the maximum precipitation was seen in the tubes containing a serum dilution of 1:320, this dilution was the only one used for these bio-assay experiments.
After an incubation period of 24 hours in the water-bath at 370 C., the 15 tubes containing the 1:320 dilution of serum were removed and their contents pooled. The combined precipitates were spun down in an angle-centrifuge and the supernate was decanted into a sterile test-tube. The precipitate was resuspended in 15 ml. of saline, centrifuged again, and the washings were retained. This process was repeated 5 times and each time the washings were kept for injection into immature rats.
The precipitate was then suspended in sterile physiological saline (1 part precipitate to 10 parts of saline) and was used as injection material. Four 21 -day-old female rats were used in each group. Injections were spaced over a period of 2 days and 4 injections in all were given. Each time 0.5 ml. of test substance were injected.
One hundred hours after the last injection the rats were killed and the ovaries were removed and weighed. The results are summarized in table 4. It is interesting to note from the figures recorded that the process of adsorption of the hormone by collodion particles is carried almost to completion, since the average ovarian weight of collodion-particle-injected controls was 13.4 mg. as compared with an -average weight of 17.2 mg. in animals injected with the supernatant fluid. The aggregate formed in the precipitin test produced an ovarian weight of 15 mg. while the average ovarian weight of animals injected with hormone-collodion particle-complex was 129 mg. The supernate of the precipitin test was biologically inactive. When 2 mg. of antiserum were added to S ml. of the supernate from the precipitin test, the activity of the antihormone was great enough to produce an effect on the animal's own secretion of hormone (ovarian weight-I 0.1 mg.). When the standard quan- Electrophoresis experiments These experiments were conducted in an effort to correlate the increase in both biological activity and precipitin titer with an increase in the gamma-globulin portion of the rabbit antiserum. It was believed that these correlations could be made, since Thompson and Melnick18 found that the antigonadotrophic factor of goat antiserum has the same electrochemical properties as does the normal gammaglobulin when studied in the Tiselius apparatus.
1. Electrophoretic pattern of antigonadotrophic sera. The electrophoresis experiments were conducted in a Tiselius apparatus equipped with the Philpot schlieren diaphragm. In all runs the temperature of the water-bath was 30 C.; the current strength employed was generally 3.5 milliamperes and 40 volts. The buffer used in each experiment was 0.017 M phosphate containing 0.1 M NaCl.
One part of the serum under investigation was diluted with 2 parts of the buffer, and the diluted serum was placed in a cellophane membrane and allowed to dialyze for 24 hours against the remainder of the buffer.
After dialysis, the diluted serum was placed in the Tiselius cell and subjected to electrophoresis. No attempt was made in these experiments to determine mobilities of the various serum components, since only a measurement of their relative concentrations was desired. Therefore, the electrophoresis was conducted for a period adequate to permit the complete separation of the individual protein constituents. When this had been achieved, photographs were taken of the electrophoretic pattern, using orthochromatic plates with an exposure time of 45 seconds. From these plates prints were made, and the prints in turn were projected on a screen.
Graph paper with 1 mm. squares was attached to the screen. The base-line of the projected curve was aligned with one of the lines on the graph paper. The curves were then traced on the paper and the squares contained in the area under the albumin and gammaglobulin curves, respectively, were determined. Both absolute values and the ratio in sq. mm. of the area under the gamma-globulin curve to that under the albumin curve were then recorded.
The antisera used in the electrophoresis studies were chosen for their relatively high titer. A female rabbit was injected intravenously, every other day, with Gonadin for 15 weeks and blood was taken at intervals of 3 weeks during the course of injections. In studies of the rate of drop of antibody titer weekly bleedings were made. The sera from the series of bleedings were examined in the Tiselius apparatus. The ratio of gamma-gldbulin to albumin was calculated in each case. These results are recorded in table 5. It may be seen from the results that the ratio of gamma-globulin to albumin decreases with the precipitin and antihormone titer, and also increases in a parallel manner.
In the precipitin test, visible aggregates of particles were present in gamma-globulin dilutions from 1:20 to 1:2560. It may be seen from these results that the gamma-globulin sep;arated in the Tiselius apparatus demonstrates three times the activity of the whole serum. Since the remainder of the serum (after separation of the gammaglobulin) showed no activity in vitro or in vivo it may be concluded that the gamma-globulin is the portion of the serum responsible for the antihormonal activity. Also, this fraction is responsible for the serological activity. Discussion Long before the present investigation, workers have had difficulties in producing a serological reaction between a known antigen and its specific antibody. More specifically, the reaction between the gonadotrophic hormone and its antihormone has been the subject of many serological investigations. Gustus, Meyer, and Dingle,8 working with monkey sera, studied the formation of antibodies and biologically active antihormone. They found that precipitating antibodies appeared first and were peculiar in that they did not neutralize the hormone in vivo. The biologically active portion appeared next and, finally, the immunological activity of the serum disappeared completely, while the potent biological activity remained intact. Gegerson, Clark, and Kurzrok7 studied antibody formation to gonadotrophic hormones and reported consistently negative results. These workers injected human anterior lobe-like material and bovine extracts into rabbits, and the antisera produced were treated with human and bovine sera consecutively. A precipitate was formed, removed by centrifugation, and the supernatant layer was injected into rats. The treated serum had exactly the same potency as the untreated. It was concluded that the antihormone was a specific substance unrelated antigenically to the proteins in the serum.
These results were confirmed by other authors.' 10, 15 On the basis of these reports, Collip has opposed the view that antihormone formation is a true immunological reaction. However, this possibility seemed just as reasonable as is the hypothesis of Collip that there exists a specific antagonist for each hormone which is maintained in a state of normal equilibrium with the corresponding hormone. Thus far there have been no factual data in support of this theory.
In an attempt to obtain more complete material on the possibility that antihormones were, in reality, antibodies, many serological methods were used. The questions of optimal proportions, of hydrogen-ion concentration, and of place and time of incubation of the tests, have entered into the question. From previous reports, it was known that hormones, in general, are poor antigens. Also, it was realized that the process of producing the antihormone is a long one. Therefore, various methods of introducing the hormone were studied, and it was found that the method of introduction exerted a definite control upon the rapidity with which demonstrable antibodies appeared in the serum. When human erythrocytes were inj ected as an enhancing agent there was no increase in the maximum titer but this titer was obtained more rapidly. Specific absorption experiments showed that the production of antihormones was not dependent directly upon the presence of the red cells. The strong antigen appeared to be concerned only with the release of antibodies into the blood stream.
Typhoid vaccine, when injected in conjunction with the hormone, completely prevented the formation of hormone antibodies. Neither precipitating nor ibiologically active antihormone was present in the sera of these experimental animals. Since typhoid vaccine produces a marked physiological effect when inoculated into an animal, and since the production of antihormones represents, most certainly, the activation of an extremely delicate mechanism, it may be that the physiological action of the vaccine was great enough to interfere with the formation of the antigonadotrophic factor. This is a problem that merits further study.
The antiserum of highest titer obtained by the injection of the gonadotrophic hormone was active in a 1:640 dilution. No reference is made in the literature to the quantity of antigen protein, beyond a minimum, necessary to produce a high titer of antibodies. It is possible that an antigen-toleranoe level is reached after prolonged injection. This is especially possible in view of the fact that the actual amount of protein nitrogen administered each time was very small. The rabbits may conceivably have reached a level at which no further stimulus for the production of antibody was provided.
After a suitable serological method for demonstrating the precipitating antibodies had been determined, confirmatory studies, utilizing the bio-assay method were conducted. Although the titers obtained in the rat test could not be correlated with those obtained in vitro, it was possible to compare the two sets of results when the sera from serial bleedings were studied. In all cases, an increased production of serological antibodies accompanied an increase in biological activity and vice versa. It was found that successive freezing and thawing of the antisera decreased both the titer of precipitating antibodies and the biological potency of the preparations.
Electrophoresis studies revealed an increase in gamma-globulin which accompanied an increase in precipitating and biologically active antibodies. It was possible to separate the gamma-globulin fraction from the whole serum and to titrate this portion in the precipitin test and in biological assay expertiments. The separated gammaglobulin exhibited three times the activity of the whole serum in both experiments. These results were confirmed by nitrogen determinations which showed that the protein content of the gammaglobulin was much less than was that of the whole serum. Therefore, the greater activity of the isolated gamma-globulin was due entirely to the fact that the active portion resided therein.
By way of obtaining definite proof that the complex formed in the serological test was a combination of hormone and antihormone, the precipitates were injected into immature female rats, and studies of the effects produced were conducted. The supernatant layers of the tests were also studied for hormonal or inhibitory activity. From the results it was concluded that there was actual neutralization of the hormone and that the precipitate represented the neutralized complex.
All in all, the experimental evidence presented in this paper favor the hypothesis that the hormone-antihormone reaction is a true immunological phenomenon, and that the antihormones produced upon long-term injection of the gonadotrophic hormone are identical, in all qualities tested, with immune bodies. At present, many of these experiments are being repeated, utilizing the adrenotrophic hormone which has been recently isolated in pure form."2
The results thus far obtained are confirmatory of those obtained with the gonadotrophic hormone. Summary The following results substantiate the hypothesis that the reaction between the gonadotrophic hormone and its specific antihormone is a true immunological phenomenon:
1. A precipitin test, using gonadotrophic hormone-collodion particle complex as antigen and biologically active antiserum, has been developed.
2. The reaction of the hormonal antiserum to freezing and thawing is comparable to the reaction of immune sera. Also, the biologically active portion reacts in the same manner. 3. The titer of precipitating antibodies increases and decreases with the antihormonal titer. 4. The increase in precipitating antibodies and in biologically active antihormone is accompanied by an increase in gammaglobulin, as demonstrated in electrophoresis experiments. 5. Gamma-globulin, separated mechanically in the Tiselius apparatus, exhibits both in vitro and in vivo activity. Equivalent quantities of gamma-globulin have three times the activity of the whole serum.
